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TITLE OF THE INVENTION 

IMAGE PROCESSING APPARATUS, METHOD OF SETTING TONAL 
GRADATION CONVERSION CHARACTERISTICS, AND COMPUTER PROGRAM 

5 

BACKGROUND OF THE INVENTION 

Field of the In v ention 

[0001] The present invention relates to a tonal gradation 
10 conversion of an image to be displayed on a display. 

Description of the Related Art 

[0002] Tonal gradation conversion is one of basic 
functions of an image display apparatus. The objective of 
the image display apparatus is to exactly convey image 

15 information to a viewer. The tonal gradation 

characteristics of the image display apparatus, namely, a 
relationship between an input signal intensity "X" and an 
illumination "L", is referred to as a gamma value "7", and 
expressed in the following equation 1. 

20 [Equation 1] 

L = X r 

[0003] According to studies, sensitivity of the human eye 
to luminance is roughly expressed as in equation 2, where 
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"S" represents human eye sensitivity and "L" represents the 
intensity of light reaching the human eyes, and "a" is an 
index ranging from 0.3 to 0.4. 
[Equation 2] 

S = L a 



[0004] In accordance with equations 1 and 2, the input 
signal intensity X and the sensitivity S are substantially 
proportional to each other. The gamma value y of the 

10 display apparatus is defined in this way. 

[0005] In a display apparatus, a gamma value y of 1.8 is 
typically used so that printing results and the output of 
the display apparatus appear the same to the human eyes. 
[0006] Standardization of the display apparatuses has 

15 been conventionally performed by measuring luminance 

characteristics of the display and then by adjusting the 
gamma value y. The standardization allows displayed images 
to remain substantially the same from viewer to viewer 
without regard to difference between display apparatuses . 

20 [0007] However, the object of the display apparatus is to 

convey exact image information to a viewer rather than 
standardization information of the display apparatus itself. 
Further, each viewer has his or her own characteristics, and 
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the value of a in equation 2 is not always the same for all 
individuals. The characteristics expressed by equation 2 
are not always equally applicable to all individuals . 
[0008] Despite standardization, content of recognizable 
5 image information stored in the computer potentially appears 

different from viewer to viewer if the display apparatus is 
adjusted based on the standardization alone because such 
standardization does not take into consideration the 
characteristics of each viewer. 
10 [0009] In particular, this effect is pronounced in the 

field of medical image display apparatuses and doctors can 
have difficulty learning the location of an injury and 
illness on a medical image. 

[0010] Japanese Patent-Laid Open No. 2001-34255 discloses 
15 a method and an apparatus for selectively using one from a 

plurality tonal gradation conversion tables to compensate 
for a degradation in luminance of a display device. One 
disadvantage of this reference is that it fails to select 
the table based on the vision characteristics of the viewer. 



20 
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[0011] It is an object of the present invention to 
provide an apparatus that allows tonal gradation 
characteristics to be appropriately set on an image 
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displayed on a display by taking into consideration vision 
characteristics of a viewer. 

[0012] According to the present invention, the foregoing 
object is attained by providing an apparatus for processing 
5 an image, which includes an image generating unit for 

generating and/or storing a plurality of types of pattern 
images, a tonal gradation conversion unit for converting 
image data, received from the image generating unit, into an 
output signal using a lookup table, a display unit for 

10 converting the output signal from the tonal gradation 

conversion unit into a luminance value to be displayed 
thereon, and an input unit for inputting information 
relating to a pixel value of a background area of the 
pattern image and/or an amount of change in contrast of the 

15 pattern image. 

[0013] The apparatus also includes a control unit which 
performs control for invoking a pattern image from the image 
generating unit in response to the input information of the 
input unit and for presenting the pattern image on the 

20 display unit through the tonal gradation transportation unit, 

or performs control for invoking the pattern image from the 
image generating unit in response to the input information 
of the input unit and for displaying the pattern image with 
the lookup table modified, a selecting unit for selecting 

25 the pattern image presented on the display unit by inputting 
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a confirmation signal, and a calculating unit for 
calculating the lookup table from the pixel value of the 
background of the selected pattern image and the contrast of 
the selected pattern. 
5 [0014] Further, the foregoing object is also attained by 

providing a method of setting tonal gradation conversion 
characteristics applied to an image in an image processing 
apparatus that processes the image displayed on a display 
unit. The method includes an input step for inputting a 

10 position in the image displayed on the display unit and a 

contrast at the position with the position and the contrast 
associated with each other, a modification step for 
modifying the contrast of the displayed image in accordance 
with the input information input in the input step, and a 

15 setting step for setting tonal gradation conversion 

characteristics on the image displayed on the display unit 
in accordance with the input information. 
[0015] Other objects, features and advantages of the 
present invention will be apparent from the following 

20 description taken in conjunction with the accompanying 

drawings, in which like reference characters designate the 
same or similar parts through the figures thereof. 
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[0016] The accompanying drawings, which are incorporated 
in and constitute a part of the specification, illustrate 
embodiments of the invention and, together with the 
description, serve to explain the principle of the invention. 
5 [0017] Fig. 1 is a diagram illustrating an image display 

apparatus in accordance with one embodiment of the present 
invention. 

[0018] Fig. 2 illustrates a test pattern produced by a 
computer . 

10 [0019] Fig. 3 illustrates the structure of one test 

pattern. 

[0020] Fig. 4 is a diagram illustrating a pixel value in 
a particular contrast area of Fig. 3. 

[0021] Fig. 5 is a diagram illustrating contrast and 
15 visibility features of a test pattern. 

[0022] Fig. 6 is a graph plotting an initial state of an 
LUT. 

[0023] Figs. 7A-7D are graphs corresponding to various 
test patterns shown in Fig. 2. 
20 [0024] Fig. 8 is a graph illustrating a modification in 

the LUT of Fig. 1. 

[0025] Fig. 9 is a graph illustrating a change in 
contrast value in response to modification of a gradient. 
[0026] Fig. 10 is a flow diagram illustrating the content 
25 of a software program used in the first embodiment of the 
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present invention . 

[0027] Fig. 11 is a flow diagram illustrating a gradient 
calculation subroutine in accordance with the first 
embodiment of the present invention. 
5 [0028] Fig. 12 is a flow diagram illustrating a method of 

correcting the LUT of Fig. 1. 

[0029] Fig. 13 is a graph illustrating the LUT adjusted 
using a sequential line graph. 

[0030] Fig. 14 is a graph, plotting a fitting process. 
10 [0031] Fig. 15 is a graph, plotting the LUT resulting 

from a third embodiment of the present invention. 

[0032] Fig. 16 is a flow diagram illustrating the 

gradient calculation subroutine in accordance with the third 

embodiment of the present invention. 
15 [0033] Fig. 17 is a flow diagram illustrating the content 

of a program used in accordance with a fourth embodiment of 

the present invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

20 

[0034] Preferred embodiments of the present invention 
will be described in detail in accordance with the 
accompanying drawings . 
First Embodiment 

25 [0035] A first embodiment of the present invention will 
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now be described. Fig. 1 is a block diagram illustrating an 
image display apparatus of the first embodiment of the 
present invention . 

[0036] The image display apparatus includes a computer 3 
5 for producing image data, a lookup table LUT (also referred 

to as a tonal gradation conversion table or a tonal 
gradation conversion function) 2 for converting the image 
data (pixel value) to another value, and a display 1 for 
converting an output signal from the LUT 2 into a light 

10 luminance value to display the output signal thereon. In 

the first embodiment, the computer 3 and the LUT 2 
constitute image data generating means. A position 
indicator (a position designator) 4 for conveying a position 
on the computer display 1 to the computer 3 is connected to 

15 the computer 3. The position indicator 4 has two buttons 

(contrast modification command input means) 5 and 6 for 
respectively increasing and reducing image contrast. 
[0037] The computer display 1 includes, but not limited 
to one of a cathode-ray tube (CRT) and a liquid-crystal 

20 display. The output signal of the computer 3 and the output 

signal of the LUT 2 are digital signals, for example. 
[0038] The LUT 2 is arranged external to the computer 3 
as shown in Fig. 1. Alternatively, the LUT 2 may be 
integrated with the computer 3. Further, the LUT 2 may be 

25 designed to operate under the control of an internal program 
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of the computer 3 . 

[0039] The position indicator 4 includes, but not limited 
to a mouse, for example. By moving the position indicator 4 
on a desktop, a cursor (pointer) 7 moves on the computer 
5 display 1. Referring to a message presented by the computer 

3 in response to the position of the mouse, the operator 
learns what commands the computer 3 accepts. The user can 
operate the buttons 5 and 6 while moving the position 
indicator 4 at the same time. However, the buttons 5 and 6 

10 are not necessarily mounted on the position indicator 4. 

They may be arranged external to the position indicator 4 . 
If the position indicator 4 is a mouse, the button 5 is a 
left click, and the button 6 is a right click. 
[0040] The image display apparatus of the first 

15 embodiment is designed to allow parameters such as contrast 

to be optimized for the operator before the operator 
actually examines obtained images such as medical images . 
[0041] Described next are a method for adjusting the 
parameters and structures of the LUT 2 and the computer 3 . 

20 [0042] Fig. 2 illustrates a test pattern generated by the 

computer 3. The computer 3 produces a test pattern, which 
has adjustable parameters such as contrast. That is, 
contrast can be adjusted by referencing the test pattern. 
[0043] As shown, the computer 3 generates and 

2 5 concurrently displays four test patterns 21 through 24 on 
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the computer display 1. The test patterns 21 through 24 
respectively include backgrounds 11-1 through 11-4 and 
contrast areas 12-1 through 12-4. The test patterns, 
different from each other . in pixel value, have identically 
5 shaped contrast areas. The contrast between the background 

and the contrast area remains unchanged from test pattern to 
test pattern. The pixel values of the backgrounds 11-1 
through 11-4 are bl, b2, b3, and b4, respectively. 
[0044] The structure of the test pattern is now described 

10 in detail with reference to Figs. 3 and 4. Fig. 3 is a 

diagram illustrating the structure of one test pattern. As 
shown in Fig. 3, a plurality of contrast areas 12 can be 
contrasted with a background 11. Also, the relationship 
between size of a contrast area 12 and visibility can be 

15 examined by varying the size of the contrast area and the 

contrast value of the test pattern. Fig. 4 is a diagram 
illustrating a pixel value of a particular contrast area of 
Fig. 3. 

[0045] As shown in Fig. 4, the higher the contrast area 
20 12 is positioned, the larger the contrast area 12 becomes. 

The more left the contrast area 12 is positioned, the larger 
the contrast between the background and the pixel value 
becomes. A graph 32 shown in Fig. 4 plots the pixel value 
along a line A- A, and a graph 34 shown in Fig. 4 plots the 
25 pixel value along a line B-B. Here, b represents the pixel 



value of the background (background value), and cl, c2 , and 
c3 represent pixel value differences between the contrast 
area and the background (hereinafter referred to as contrast 
values ) . 

[0046] In this test pattern, the closer to the top-left 
corner the contrast area 12 is, the more visible the 
contrast area 12 is. For example, as shown in Fig. 5, while 
the contrast areas 12 closer to the top-left corner are 
visible, contrast areas 12 closer to the bottom-right corner 
of the pattern are invisible. As a result, the viewer sees 
a particular region as shown in Fig. 5. The way the test 
pattern looks is different depending on the contrast values 
cl, c2, and c3 if the shapes of the contrast areas 12 remain 
unchanged among the test patterns. Fig. 2 shows a plurality 
of arranged test patterns. 

[0047] In an initial state of an LUT, an input value and 
an output value are equal to each other as shown in Fig . 6 . 
Fig. 6 plots the LUT. The abscissa represents the input 
value while the ordinate represents the output value. The 
input value ranges from zero to XM while the output ranges 
from zero to YM. The background values bl through b4 are 
output values , and a range of zero to YM is divided into 
four equal segments. 

[0048] Figs. 7A-7D are graphs the test patterns 21 
through 24 illustrated in Fig. 2. Each test pattern has 
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values cl, c2 , and c3, as shown. Each value is a pixel 
value for a particular contrast area along line B-B of Fig. 
4, for example, as further illustrated by graph 34. As 
illustrated in Figs. 7A-7D, the four test patterns 21 
5 through 24 have different background values bl - b4 , but 

have the same contrast values in the contrast areas 
positioned at the same locations . 

[0049] A software program executed by the computer 3 will 
now be described. One purpose of the software program is to 
10 adjust the LUT 2 so that all test patterns appear at the 

same contrast to the operator. 

[0050] Thus, the program executed by the computer 3 
adjusts the LUT 2. In this program, the background value of 
the image seen by the operator is preferably free from 
15 variations. In the first embodiment, the image data of the 

test pattern is varied with the LUT 2 fixed. The operator 
views the image and then adjusts the LUT 2. 

[0051] When one of the buttons 5 and 6 is selected with a 
cursor 7 placed in one of the test patterns 21 through 24, 

20 the program varies the contrast of the test pattern in 

response to the selected button. For example, the contrast 
of the test pattern with the cursor 7 placed thereon is 
multiplied by al if the button 5 is selected, or is 
multiplied by a2 if the button 6 is selected. Here, al is 

25 greater than 1, and a2 is greater than zero but smaller than 
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[0052] To cause the test patterns to appear at the same 
contrast, the operator selects the button 5 if the test 
pattern is difficult to view with a low contrast, or the 
5 button 6 if the test pattern is too high in contrast in 

comparison with the other test patterns . 
[0053] The operation of the buttons 5 and 6 varies 
gradient in each segment of the LUT 2. However, it may be 
difficult to vary independently the gradients of the test 

10 patterns 21 through 24. This is because the input value and 

the output value of the LUT 2 are limited in range. For 
example, let al, a2 , a3, and a4 represent the gradients of 
the test patterns 21 through 24, respectively, and if the 
gradient al is enlarged, the gradients a2, a3 , and a4 

15 naturally must become smaller as shown in Fig. 8. Since the 

range (luminance of background value seen by viewer) of the 
output value of LUT 2 is fixed, an input range segment per 
test pattern varies as shown in Fig. 8. 

[0054] When the gradient of the LUT 2 in one test pattern 
20 is varied, the effect of the variation of the one test 

pattern on the other gradients is equally shared among the 
other test patterns. Let DX1 represent the range of the 
input value of the test pattern 21, DX2 represent the range 
of the input value of the test pattern 22, DX3 represent the 
25 range of the input value of the test pattern 23, DX4 



represent the range of the input value of the test pattern 
24, and DY represent the range of the output value of each 
test pattern, and the gradients al, a2 , a3, and a4 are 
expressed by equation 3., 
[Equation 3 ] 

al=i, a2 = -^, a3 = -^, a4= °* 



^Xl ^X2 ^X3 ^X4 



[0055] Equation 4 is derived from equation 3 based on DX1, 
DX2, DX3, and DX4 . 
[Equation 4 ] 



XM=D X1 +D X2 +D X3 +D X4 



(\ i i r 

— + — h — + — 

Val a2 a3 a4^ 



[0056] The gradient al is now multiplied by kl . Here, kl 
is al or a2 . Let al 1 represent a new gradient which is 
obtained when the gradient al is multiplied by kl, and the 
relationship of al^klxal holds. 

[0057] In the first embodiment, an error of the range of 
the input value occurring in the introduction of the 
gradient al ' is equally shared among the test patterns 22-24 
and equation 4 still holds with the new gradients. The 
error AX occurring in the gradient al 1 is expressed by 
equation 5. 
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[Equation 5] 



^ fl 1 1 1 ^ _ ( 1 1 1 1 

A„ = D Y — + — + — + — -D Y — + — + — + — 

\&V al a3 a4j Y Ul a2 a3 a4 



r 



1 1 



\ 



al 



-1 



) 



[0058] The error AX is equally divided and shared by the 
three test patterns 22-24. New input ranges are determined, 
and new gradients a2', a3 ' , and a4 ' are also determined. 
The new gradients are expressed by equations 6, 7 , and 8, 
respectively . 
[Equation 6 ] 



a2'= 



D x2 -A x /3 



D, 



D - D ' ri 



3-al 



kl 



a2 



•alUl ) 



10 [Equation 7] 



a3'= —r- , 

-L— U-L-i 

a3 3alUl , 



[Equation 8 ] 



- 16 - 



a4'= 

a4 



i4 3-alUl J 



[0059] In practice, respective multipliers k2=a2'/a2, 
k3=a3'/a3, and k4=a4'/a4 of the gradients are used. 
[0060] In response to the variation in the gradient al # 
5 contrast values shown in Figs. 7A-7D are changed from graphs 

represented by broken lines to graphs represented by solid 
lines in Figs. 9A-9D. As shown in Figs. 9A-9D, when the 
gradient al is enlarged, the contrast value increases in the 
test pattern 21 while the contrast values decreases in the 

10 other test patterns 22-24. 

[0061] The operator here varies the gradient al . Any of 
the other gradients a2 , a3, and a4 may be varied as well. 
In such a case, the same calculations described in equations 
6 , 7 , and 8 are carried out . 

15 [0062] The software program for the above-referenced 

operation will now be described in detail. Fig. 10 is a 
flow diagram of the software program used in the first 
embodiment . 

[0063] First, at step S101, it is determined whether 
20 cursor 7 is positioned on test pattern 21 by using the input 

signal from the position indicator 4 (Fig. 1). 
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[0064] Otherwise, it is then determined in step S102 
whether the cursor 7 is positioned on the test pattern 22. 
If not, it is then determined in step S103 whether the 
cursor 7 is positioned on the test pattern 23. If not, it 
5 is then determined in step S104 whether the cursor 7 is 

positioned on the test pattern 24. 

[0065] If the cursor 7 is positioned on the test pattern 

21, the "test pattern 21" is recorded as position 
information (step S106). A gradient calculation subroutine 

10 to be described later is performed in step S110. 

[0066] If the cursor 7 is positioned on the test pattern 

22, the "test pattern 22" is recorded as position 
information (step S107). A gradient calculation subroutine 
to be described later is performed in step S110. 

15 [0067] If the cursor 7 is positioned on the test pattern 

23, the "test pattern 23" is recorded as position 
information (step S108). A gradient calculation subroutine 
to be described later is performed in step S110. 

[0068] If the cursor 7 is positioned on the test pattern 
20 24, the "test pattern 24" is recorded as position 

information (step S109). A gradient calculation subroutine 
to be described later is performed in step S110. 
[0069] An end process is performed if the operator is 
satisfied with the presented test pattern in step S105. 
25 Specifically, an end command may be entered using a key on 
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the computer 3. When the end command is entered, the 
software program performs the LUT calculation to be 
described later. 

[0070] Fig. 11 is a flow diagram illustrating a gradient 
5 calculation subroutine according to the first embodiment of 

the present invention (step S110 of Fig. 10). 
[0071] As shown in Fig. 11, in step S121, the subroutine 
first determines which of the buttons 5 and 6 is selected. 
[0072] The button 5 is now assumed to be selected. 

10 Selection of the button 5 means that the operator intends to 

increase the contrast. The contrasts of the contrast areas 
11-x (x is one of integers 1-4) displayed in the test 
pattern 2x (x is one integers 1-4) stored as the position 
information are multiplied by 1.1 times (al) in step S122. 

15 [0073] If the button 6 is selected, the operator intends 

to lower the contrast. The contrasts of the test pattern 2x 
(x is one of integers 1-4) stored as the position 
information are multiplied by 0.9 times (a2) in step S123. 
[0074] Here, a multiplication of 1.1 times and a 

20 multiplication of 0.9 times are only examples of al and a2, 

respectively, and al and a2 may take other values. 
[0075] The contrasts of the test patterns, which are not 
directly varied by the operator, are varied in accordance 
with equations 6, 7, and 8. The image is thus repainted 

25 (step S124) . 
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[0076] A series of these steps is repeated until the 
operator determines that all test patterns appear the same. 
When the algorithm ends after the operator determines that 
the test patterns are substantially identical to each other 
5 (step S105), the gradients al through a4 are determined. 

[0077] The LUT 2 is modified based on the resulting 
gradients al through a4 . Fig. 12 is a flow diagram 
illustrating a method of modifying the LUT 2. 

[0078] In this modification method, a sequential line LUT 
10 shown in Fig. 13 is produced in accordance with the 

gradients al-a4 of the test patterns 21-24 (step S131). DY 
remains constant among the test patterns, and Dxl through 
Dx4 used here result from the gradients al through a4 . 
[0079] A practical and smooth curve fits with the 
15 sequential line LUT as shown in Fig. 14 (step S132). As a 

result, a smooth function 42 represented by the solid line 
fits with the sequential line function 41 represented by the 
broken lines . 

[0080] The fitting process may be performed using any 
20 technique. For example, a technique for the fitting process 

may be approximating a predetermined polynomial using a 
least squares method, or determining parameters of a general 
non- linear function using a steepest gradient algorithm, or 
using a neural network which successively feeds back an 
25 error in an output and spreads the error by combining 
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multiple sigmoid functions . 

[0081] The LUT 2 modified and determined in this way is 
stored as a new LUT 2. Using the new LUT 2, tonal gradation 
characteristics best suited for the operator is thus 
5 obtained. In this case, a measurement apparatus, 

conventionally required to measure luminance characteristics 
of the display apparatus, is no longer required. 
[0082] The shapes of the contrast areas are not limited 
to the ones shown. Any contrast area is acceptable as long 

10 as the contrast and size thereof are recognizable. For 

example, a chart is perfectly acceptable which includes a 
plurality of patterns, each having a different combination 
of spatial frequency and contrast . 
Second Embodiment 

15 [0083] A second embodiment of the present invention will 

now be described. In the first embodiment, the adjustment 
is made so that all test patterns appear the same. However, 
the appearance of the test pattern itself is also important. 
As shown in Fig. 5, for example, setting up a specification 

20 that the contrast areas 12 falling within a range from the 

top row to a predetermined row and from the leftmost column 
to a predetermined column must be visible is important to 
achieve stable image viewing. 

[0084] It is not necessary cause all test patterns to 
25 appear the same. For example, as shown in Fig. 2, if the 
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test patterns 22 and 23 at intermediate values are mainly 
used, the operator may set up an ending criterion for ending 
step S105 in Fig. 10 as being that the test patterns 22 and 
23 appears as specified in the specification. 
5 Third Embodiment 

[0085] A third embodiment of the present invention will 
now be described. Since the contrast is adjusted with the 
background value remaining unchanged in the first embodiment, 
adjustment with the LUT being manipulated can be difficult. 
10 [0086] The contrast is adjusted by shifting the LUT 

itself in accordance with the third embodiment . Although 
the output background value is constantly changing, it is 
not necessary to modify test image data. 

[0087] When one of the buttons 5 and 6 is selected with 
15 the cursor 7 positioned on one of the test patterns 21-24, 

the contrast of that test pattern is varied in response to 
the selected button. If the button 5 is selected, the 
contrast of the test pattern with the cursor 7 positioned 
thereon is multiplied by al . If the button 6 is selected, 
20 the contrast of the test pattern is multiplied by a2 . Here, 

al is larger than 1, and a2 is larger than zero but smaller 
than 1 . 

[0088] Unlike the first embodiment, the input range of 
the LUT 2 is fixed, and the range of the output value per 
25 test pattern is changed as shown in Fig. 15. 
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[0089] When the gradient of the LUT 2 in one test pattern 
is varied, the effect of the variation of the one test 
pattern on the other gradients is equally shared among the 
other test patterns in the third embodiment. Let DY1 
5 represent the range of the output value of the test pattern 

21, DY2 represent the range of the output value of the test 
pattern 22, DY3 represent the range of the output value of 
the test pattern 23, DY4 represent the range of the output 
value of the test pattern 24, and DX represent the range of 
10 the input value of each test pattern, and the gradients al , 

a2, a3, and a4 are expressed by equation 9. 
[Equations 9] 

al = ^, a2 = ^, a3 = ^, a4 = 5*2_ 
D x D x D x D x 

[0090] Equation 9 is different from equation 3 in that 
15 the input range DX per test pattern remains constant. 

Equation 10 is derived from the relationship of DY1 , DY2, 
DY3, and DY4 . 
[Equation 10] 

YM= D Y1 + D Y2 + D Y3 + D Y4 
= D x (al + a2 + a3 + a4) 

20 [0091] From equation 10, each of the gradients al-a4 is 



- 23 - 



not determined in a manner such that one gradient is 
independent of another. It is now assumed that the gradient 
al is multiplied by kl. Here, kl is ctl or a2. Let al ' 
represent a new gradient that is obtained by multiplying al 
5 by kl, and the relationship al ' =kl x al holds. 

[0092] In the third embodiment, an error in the output 
value range occurring during introduction of the gradient 
al' is equally divided among the test patterns 22-24, and 
equation 10 still holds with the new gradients. The error 
10 AY occurring in the gradient al' is expressed by equation 11. 

[Equation 11 ] 

A Y = D x (al'+a2 + a3 + a4)-D x (al + a2 + a3 + a4) 
= D x (al f -al) = D x • al(kl - 1) 



[0093] The error AY is equally divided and shared by the 
three test patterns 22-24. New input ranges are determined, 
15 and new gradients a2 1 , a3 ' , and a4 ' are also determined. 

The new gradients are expressed by equations 12, 13 and 14, 
respectively . 
[Equation 12] 

D„ -A Y /3 . Dy, - Dx aldcl-D/3 =a2 _ al(kl . l)/3 
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[Equation 13] 

a3'=a3-al(kl-l)/3 

[Equation 14] 

a3'=a3-al(kl-l)/3 

5 [0094] In practice, respective multipliers k2=a2'/a2, 

k3=a3'/a3, and k4=a4'/a4 of the gradients are used. 
[0095] The operator here varies the gradient al. Any of 
the other gradients a2 # a3, and a4 may be varied as well. 
In such a case, the same calculations described in equations 

10 12, 13, and 14 are carried out. 

[0096] The software program used in the third embodiment 
will be now described in detail. Note that the software 
programs of the third and first embodiments use different 
gradient calculation processes (gradient calculation 

15 subroutine). Fig. 16 is a flow diagram illustrating the 

gradient calculation subroutine of the third embodiment. 
[0097] In the subroutine, it is determined in step 131 
which of the buttons 5 and 6 is selected. 

[0098] The button 5 is now assumed to be selected. Note 
20 that selection of button 5 means that the operator desires 

to heighten the contrast, a gradient ax of the test patterns 
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2x (x is one of integers 1-4) stored as the position 
information is multiplied by 1 . 1 times (al) in step S132. 
[0099] However, if the button 6 is selected, the operator 
intends to lower the contrast. The gradient ax of the test 
5 pattern 2x (x is one of integers 1-4) stored as the position 

information is multiplied by 0.9 times (a2) in step S133. 
[0100] The gradients of the test patterns, which are not 
directly varied by the operator, are varied in accordance 
with equations 12, 13, and 14 (step S134). The range of the 

10 output signal is adjusted based on equation 9 to produce a 

new LUT 2. An existing LUT 2 is overwritten by the new LUT 
2 (step S135), and the image is thus repainted. 
[0101] A series of these steps is repeated until the 
operator determines that all test patterns appear 

15 substantially the same. Next, in step S105, the algorithm 

is ended, and the gradients al through a4 are determined. A 
sequential line LUT shown in Fig. 15 is achieved. The 
fitting process is also performed in the same manner as in 
the first embodiment. 

20 [0102] Like the first embodiment, the third embodiment 

provides tonal gradation characteristics best suited for the 
operator. Since the third embodiment eliminates the need 
for repainting the image, an ordinary image may be used as a 
test pattern . 

25 Fourth Embodiment 
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[0103] A fourth embodiment will now be described. The 
fourth embodiment uses a natural image, such as a 
radiological image, rather than an artificial image such as 
the test pattern used in the third embodiment. Fig. 17 is a 
5 flow diagram illustrating the content of a software program 

used in the fourth embodiment. 

[0104] The operator presses button 5 or button 6 while 
pointing to a location on the display screen where the user 
desires to heighten or lower contrast . 

10 [0105] In response, the mean of the pixel values at the 

pointed location and in a peripheral region surrounding the 
pointed location is calculated in step S151. The peripheral 
region is an area of 100 pixels by 100 pixels centered on 
the pointed location on the screen. 

15 [0106] In step S152, the mean of the pixel values is used 

to determine in which of the four input ranges (four DXs ) of 
the test pattern the mean falls. 

[0107] Information representing the input range per test 
pattern is stored as position information of the test 

20 pattern (step S153). The gradient calculation subroutine is 

executed as illustrated in the flow diagram in Fig. 16. 
[0108] In accordance with the fourth embodiment, the 
operator views an actual image at a desired tonal gradation 
by repeating the above series of steps. 

25 [0109] The functions of the above preferred embodiments 
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of the present invention are carried out by the computer 
(image processing apparatus) 3 that controls the units of 
the image display apparatus by executing the programs. Such 
programs and means for supplying the computer with the 
5 programs, such as a computer readable recording medium, such 

as a CD-ROM for storing the programs, and a transmission 
medium such as the Internet for transmitting the programs 
are included in the preferred embodiments of the present 
invention. The programs, the recording medium, the 
10 transmission medium, and program product fall within the 

scope of the present invention. 

[0110] Thus, according to one aspect, the present 
invention thus sets the tonal gradation characteristics on 
the image displayed on the display apparatus depending on 
15 the vision characteristics of the viewer. 

Other Embodiments 

[0111] The object of the present invention can also be 
achieved by supplying a storage medium for storing program 
code for implementing the functions of the first or second 

20 embodiment for execution by computer (CPU, MPU, etc.). 

[0112] In that case, the program code itself, read from 
the storage medium, achieves the functions of the first or 
second embodiment, and thus the storage medium storing the 
program code and the program code itself constitute the 

25 present invention. 
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[0113] The storage medium for providing the program code 
may be, for example, a ROM, a floppy (registered trademark) 
disk, a hard disk, an optical disk, a magneto-optical disk, 
a CD-ROM, a CD-R, a magnetic tape, a non-volatile memory 
5 card, etc. 

[0114] Furthermore, not only by the computer reading and 
executing the program code, but also by the computer 
executing part of or the entire process utilizing an OS, etc. 
running on the computer based on instructions of the program 
10 code, the functions of the first or second embodiment may be 

achieved. The latter is also one of embodiments of the 
present invention . 

[0115] Furthermore, the program code read from the 
storage medium may be written to a memory of a function 

15 extension board inserted in the computer or a function 

extension unit connected to the computer. The functions of 
the first or second embodiment may be realized by executing 
part of or the entire process by a CPU, etc. of the function 
extension board or the function extension unit based on 

20 instructions of the program code. This is also one of 

embodiments of the present invention. 

[0116] When the present invention is applied to a program 
or a storage medium storing the program, the program 
includes, for example, program code corresponding to at 
25 least one of the flowcharts shown in Figs. 10, 11, 12, 16 
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and 17 explained above. 

[0117] It is to be understood that the present invention 
may also be applied to an multi -system that may include a 
plurality of systems such as a radiation generating 
apparatus, a radiographic apparatus, image processing 
apparatus, and an interface apparatus, for example. It is 
equally applicable to a single integrated system in which 
functions of these apparatuses are integrated. When the 
present invention is applied to a multi -system, the systems 
communicate with one another via, for example, electrical, 
optical, and/or mechanical means, and/or the like. 
[0118] Furthermore, the present invention may also be 
applied to an image diagnosis aiding system including a 
network (LAN and/or WAN. etc.). 

[0119] The present invention thus achieves the above- 
described object as described above. 

[0120] The present invention is not limited to the above 
embodiments and various changes and modifications can be 
made within the spirit and scope of the present invention. 
Therefore to apprise the public of the scope of the present 
invention, the following claims are made. 



